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Abstract 
The 2011 tsunami induced sandy coast breaching in Akaiko area, Miyagi Prefecture, Japan. It also caused severe erosion of sand 
barrier-lagoon system adjacent to a river mouth on Sandai Coast in which Akaiko is located. These damages resulted in forming 
concave shoreline in these areas after the tsunami. The morphological recovery of this area is presented through analysis of aerial 
photography. In addition a new analytical solution of one-line model, which describes the evolution of shoreline of concave 
landform bounded by rigid boundaries, has been introduced. The recovery time of morphology is evaluated from the analytical 
solution of one-line model. Theoretical results indicate that coastal structures at both ends have major impact on the shoreline 
evolution. Moreover, the recovery time of the concave portion is highly depended on the total length of sandy coast on both sides. 
Good agreement between measured shoreline positions and simulated results is also obtained. 
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1. Introduction 
One of the most common morphology formed after the 2011 tsunami on Sendai Coast, Miyagi Prefecture is the 
concave landform. It is located around the river mouth area after the flushing of river mouth sand spit and the 
disappearance of adjacent sandy barrier (Tanaka et al. [1]). During subsequent recovery process, morphology of 
some river mouth areas has not been recovered to former morphology before the tsunami. In contrast, morphology of 
other river mouth areas has quick recovery. In these areas, however, spreading of erosional area in the adjacent 
sandy coast has been observed (Tanaka et al. [2]). Among them, Akaiko area is a typical case of highly quick 
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recovery. The erosion happened on both sides of breached sand coast right after the tsunami, and propagated along 
the sandy coast. After a certain time, the beach erosion propagation reached coastal structures such as breakwater 
and jetty which were constructed on the coast for various purposes.  
Understanding effects of coastal structures on the recovery process will be very useful for coastal management 
and preparation for the possible future tsunamis triggered by the Tokai, Tonankai, Nankai earthquakes, etc. When 
proposing a coastal structure, besides its effects on the surrounding area, its effects on the recovery process when 
tsunami happening is also needed to be considered. 
Therefore, this study presents the further recovery of morphology around Akaiko area shown in Figs.1 and 2 
through analysis of aerial photographs. Moreover, the effects of total length of adjacent sandy coast on the recovery 
of morphology is evaluated based on analytical solution of one-line model. 
 
 
 
 
 
 
 
 
 
Fig. 1. Study area.                                                                     Fig. 2. Akaiko area (present map). 
 
 
 
 
 
 
Fig. 3. Sandy coast breaching in Akiko area (March 13, 2011).          Fig. 4. Video image of Akaiko area during the 2011 Tsunami. 
2. Breaching in Akaiko area 
During the event of the 2011 tsunami on the Sendai Plain, the effects of the local drainage system and its 
catchment were observed. The drainage system, collected the return flow of the tsunami, and caused the sandy coast 
breaching in some places, in which the return flow was effectively drained (Adityawan and Tanaka [3]). Therefore, 
this phenomenon should be a part of the disaster mitigation plan. 
Figure 3 shows the sandy coast breaching, following the tsunami of 2011 in Akaiko area. The breaching width in 
Akaiko area was approximately 130 m, while the breaching width on Arahama Coast, located about 12km in a 
northward direction from Akaiko, was approximately 50 m. According to GIS analysis conducted by Adityawan and 
Tanaka [3] based on a 5 m resolution DEM, the tsunami return flow was closely related to the topographical features 
and the drainage system at each location. The topographical features collected the return flow through the old 
drainage system, which lead to the breaching at the former river mouth locations. The drainage system in the Akaiko 
area collected the return flow through the Teizan Canal as well as channel. However, the return flow at the Arahama 
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Coast was collected mainly through the channel. Therefore, the return flow flowing to the old river mouth was 
stronger in the Akaiko area, causing a more severe breaching. 
Figure 4 shows the video image, captured from a helicopter during the tsunami event in Akaiko area. The video 
image showed that a very strong return flow occurred through the drainage system and caused the sandy coast 
breaching.  
 
 
 
 
 
 
 
 
 
 
Fig. 5. Shoreline recovery in Akaiko area. 
 
   
 
 
Fig. 6. Schematic diagram of bounded rectangular beach cut. 
3. Theory based on one-line model 
As mentioned earlier, the concave landform is commonly seen at the river mouth area after the 2011 tsunami. 
Due to predominance of longshore sediment transport during the recovery process of the concave erosion, shoreline 
evolution can be described by one-line model. Governing equation of one-line model for the mentioned case is given 
by a diffusion equation. 
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where x and y the coordinates are defined as in Fig. 6, t is the time, and H is the diffusion coefficient. Analytical 
solutions of one-line model for various cases of initial conditions and boundary conditions have been studied for a 
long time, and have been complied in textbooks about a diffusion equation. 
In the case of no structures at both ends, an analytical solution of one-line model for the evolution of 
morphology around concave landform is already given by Larson et al. [4]. 
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where Y0 is the cross-shore distance of the beach cut region from the initial shoreline, erfc is the complementary 
error function, and B is the width of concave portion. The distance Y0 in Akaiko area is estimated based on the actual 
condition of shoreline right after the tsunami. 
In the case sandy coast bounded by rigid boundaries at both ends, the solution describing the evolution of 
shoreline is given by the following equation. 
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where L is the total length of sandy coast bounded by two rigid structures. 
4. Comparison between measured data and theory 
The comparison between measured shoreline positions and theoretical result for Akaiko is presented in Fig. 7. 
The comparison has been done for the shoreline position at the central line, x=0m. It shows much disagreement 
during the early stage of recovery process. However, results are very good agreement in the late stage (after 50 days) 
of the recovery process. Reasons of disagreement on the early stage can be attributed to non-uniform wave condition 
during the recovery process. 
It is interesting to note that by changing the sign of Y0, the solution Eq. (3) can be applied to square-shaped beach 
nourishment on sandy coast bounded by coastal structures on both sides. It supplements to the several solutions 
which have been introduced for infinite length of sandy coast (Dean [5]). 
 
 
 
 
 
 
Fig. 7. Comparison between measurement and theory. 
5.Conclusions 
In this study, the evolution of shoreline around the concave landform after the tsunami has been investigated. The 
coastal structures such as breakwater or jetty on Sendai Coast have significant influences on the recovery of the 
morphology after the tsunami. A new analytical solution for the case of rectangular beach cut bounded by the rigid 
boundaries has been introduced. This finding is very important for not only scientific research but also for 
engineering applications. 
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